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of OA. In this study, ASU+GLU+CS attenuated gene expression of these
inﬂammatory molecules. Our ﬁnding suggests that the ASU+GLU+CS
combination would be potentially beneﬁcial for reducing chronic joint
inﬂammation in both humans and animals, such as HERDA horses. In
addition, utilization of the ASU+GLU+CS combination may help reduce
the risk associated with chronic NSAID administration.
Mechanobiology
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MECHANOBIOLOGICAL EFFECTS IN A PLOWING MODEL OF
DIARTHRODIAL JOINTS
L.M. Gallo, M-R. Correro-Shahgaldian. Ctr. of Dental Med., Zurich,
Switzerland
Purpose: Human diarthrodial joints (e.g. the temporomandibular
joint, TMJ) undergo complex rolling/plowing loading patterns scarcely
investigated in live tissue. Yet, joint breakdown could be partially
explained by mechanobiological effects also due to plowing, i.e. pressing
a round indenter – such as a condyle – against the cartilage surface
and displacing it tangentially. Objective of this study was to investigate
the response of cartilage tissue models to plowing. In particular, we
analyzed the effect of plowing on cell viability, gene expression and
glycosaminoglycans (GAGs) release. For this purpose, we used loading
data collected in vivo by means of dynamic stereometry of the TMJ,
i.e. a software reconstruction of real anatomies animated by their real
kinematics, that combined with numerical modeling can provide in vivo
data on strains, forces, stresses, and work density.
Methods: Cartilage plowing was performed by means of a
rolling/plowing explant test system previously developed and validated.
It consists of an arm moving horizontally by means of linear stages
holding a custom-milled indenter pushed vertically by a linear actuator
against the cartilage specimen. This is kept in a tank ﬁlled with
DMEM solution. Adequate sensors measure force and displacement in
relevant directions. Live cartilage strips (60×17×2mm) from bovine nasal
septum of one year old calves were submitted to plowing for 2 hours
at 37°C in DMEM solution by using a cylindrical aluminum indenter
(diameter 25mm) moving tangentially at 10mm/sec and simultaneously
applying normal forces of 25, 50 or 100 N respectively. Control
explants (20×30×2mm) were kept unloaded in the same medium
during the whole experiments. Analyses were performed 0, 2, 4 and
24 hours post loading. Cell viability was assessed by means of calcein
acetoxymethylester & ethidium homodimer assays. Gene expression was
assessed after mRNA extraction by quantitative real-time polymerase
chain reactions (qRT-PCR). GAGs measurements were performed by
means of 1–9-dimethyl-methylene blue (DMMB) assays. To determine
whether GAGs release was mechanically or enzymatically induced,
supplementary tests with MMPs activity inhibition before plowing were
performed. Statistical differences were analyzed using two-way ANOVAs
and Student’s t tests at alpha =0.05.
Results: Overall cell viability exceeded 95% for all applied forces,
although superﬁcial zones of dead chondrocytes were observed,
increasing with the applied normal force. qRT-PCR showed that plowing
induces MMP-3 upregulation dependent on the applied force (peaks of
2.3×, 4.7× and 6.3× for 25, 50 and 100 N respectively). Transcription of
other genes involved in cartilage turnover such as TIMP-1, aggrecan,
collagen type I and type II and ﬁbronectin were shown not to be
signiﬁcantly affected by plowing. Furthermore, DMMB assays revealed
that cartilage strips plowed at 100 N exhibited signiﬁcantly enhanced
GAGs release compared to the control explants at all time points
observed.
Conclusions: This study shows that (1) bovine nasal septum can be a
convenient model to study chondrocyte mechanobiological response to
plowing, (2) plowing of cartilage appears to induce signiﬁcant dose-
dependent mechanobiological effects, and (3) the loading parameters
studied would promote the production of catabolic enzymes tending to
degrade the extracellular matrix.
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LOW-INTENSITY PULSED ULTRASOUND DOWNREGULATES THE
MESSENGER RNA EXPRESSION OF THE MATRIX METALLOPROTEINASES
ON AN ARTICULAR CARTILAGE EXPLANTS MODEL
A. Ito1, T. Aoyama2, H. Mitsui3, M. Ishibashi1, S. Yamaguchi1, X. Kai
Zhang1, H. Kuroki1. 1Dept. of Motor Function Analysis, Human Hlth.Sci.,
Kyoto Univ., Kyoto, Japan; 2Dept. of Dev. and Rehabilitation of Motor
Function, Human Hlth.Sci., Kyoto Univ., Kyoto, Japan; 3Dept. of Tissue
Regeneration, Inst. for Frontier Med. Sci., Kyoto Univ., Kyoto, Japan
Purpose: Low-intensity pulsed ultrasound (LIPUS) has been utilized for
the enhancement of fracture healing because of its bone reconstructive
ability. In addition, LIPUS has been reported to be able to increase an
anabolic reaction on chondrocytes. However, the effect of LIPUS about
a catabolic reaction has not been elucidated, especially on an articular
cartilage explants model. The purpose of this study was to investigate
the immediate effect of LIPUS to the homeostasis of articular cartilage
explants by mRNA analysis. We hypothesized that LIPUS acts as a
moderate (physiological) mechanical stress, and downregulates catabolic
reactions.
Methods: Osteochondral plugs (6mm in diameter) were isolated from
the distal femurs of pigs, and cultured for 1 day in the CO2 incubator. We
divided these samples into 3 groups, control group applied sham LIPUS,
the 27mW/cm2 group applied LIPUS at 27mW/cm2 intensity (spatial-
average temporal-average, SATA) and the 67mW/cm2 group applied
LIPUS at 67mW/cm2 intensity (SATA) (n = 5 pigs/group). Samples of the
plugs were treated for 60min each intensity. Total RNA was extracted
from these samples, and then the concentration and purity were assayed
by spectrophotometer. To investigate the effect of LIPUS about both
catabolic and anabolic reaction on articular cartilage explants, we
analyzed the mRNA expression of MMP-13 (matrix metalloproteinase-
13), MMP-1 (matrix metalloproteinase-1), Col2a1 (type 2a1 collagen),
ACAN (aggrecan) and CITED2 (CBP/p300-interacting transactivator with
ED-rich tail 2) by Real-time PCR. The ﬁnal expression value was calculated
by dividing the expression level of these target genes by the expression
level of beta-actin, and each value at control group was set as 1. All data
were expressed as mean ± standard error. Statistical analysis was carried
out using Kruskal-Wallis test and Bonferroni test for post hoc analysis. A
p value <0.05 was considered to be signiﬁcant.
Results: The expression of MMP-13 was signiﬁcantly downregulated in
both the 27mW/cm2 group and the 67mW/cm2 group in comparison
with control group (0.68±0.08, 0.38±0.08, respectively). The signiﬁcant
downregulation of MMP-1 was found only in the 67mW/cm2 group
(0.44±0.02). But the expression of Col2a1 was also downregulated
signiﬁcantly in comparison with control group (0.61±0.13, 0.54±0.10,
respectively). There was no signiﬁcant change in mRNA expression of
ACAN. The expression of CITED2 was signiﬁcantly upregulated in the
67mW/cm2 group (1.83±0.48).
Conclusions: Our results suggest that LIPUS has an anti-inﬂammatory
effect. This effect may be induced partly through CITED2 upregulation,
which plays a negative regulatory role in MMP transcription to compete
with MMP transactivator Ets-1 for limiting amounts of co-factor p300,
especially at the 67mW/cm2 intensity. However, since the mRNA
expression of Col2a1 was downregulated by LIPUS treatment in our
experimental condition, further study should be needed for clinical
using.
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CONNEXIN 43 IS DOWNREGULATED IN SCLEROTIC HUMAN
SUBCHONDRAL OSTEOBLASTS: A POSSIBLE EXPLANATION FOR
DECREASE OF MECHANOSENSITIVITY IN THESE CELLS
C. Sanchez, L. Pesesse, Y. Henrotin. Univ. of Lie`ge, Lie`ge, Belgium
Purpose: In osteoarthritis, subchondral bone remodeling is increased
leading to bone sclerosis. In a previous work, we have reported that
osteoblasts coming from the sclerotic subchondral bone express a
particular phenotype characterized by an increased production of IGF-1,
IL-6, IL-8, PGE2, RANKL, MMP-3 and a decreased of OPG. We have also
reported that all these genes are mechanosensitive and that osteoblast
coming from the sclerotic zone were less sensitive to compression than
osteoblasts of the non-sclerotic zone. In this study, we have compared
the effects of compression on the expression of membrane receptors by
osteoblasts coming from sclerotic and not sclerotic area in response to
compression
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Methods: Osteoblasts were isolated from sclerotic (SC) or non-sclerotic
(NSC) zones of OA subchondral bone of ﬁve men. After 28 days,
osteoblasts in culture were surrounded by a newly synthesized matrix
and formed a strong membrane. This osteoblasts-containing membrane
was then placed onto a Biopress Flexercell plate and submitted to
compression (10%) for 4 hours at the frequency of 1Hz. The expression
of integrin a5, aV, b1, b3, CD44 and connexin43 (CX 43) was evaluated
by real time RT-PCR
Results: In the absence of mechanical stimuli, integrin a5, aV, b1, b3,
and CD44 mRNA levels were similar in NSC and SC osteoblasts. Integrin
a5 and b1 expression was 10 fold more elevated than aV and b3. CX
43 mRNA levels were signiﬁcantly lower (−30%) in SC osteoblasts than
in NSC osteoblasts (p < 0.01). Compression (4h, 10%, 1Hz) stimulated
integrin a5 (1.42-fold), aV (1.37-fold) and b3 (2.27-fold) expression in
NSC osteoblasts (p < 0.01) but didn’t signiﬁcantly alter integrin b1 or CX
43 expression. In SC osteoblasts, only integrin b3 gene expression was
increased by compression (p < 0.001), while integrin a5, aV or b1 genes
were not modiﬁed and CX 43 expression decreased (0.60-fold, p < 0.001).
CD44 expression was increased by compression similarly both in NSC
and SC osteoblasts (1.4-fold, p< 0.01).
Conclusions: CX 43 plays a major role in osteoblast mechanotransduc-
tion. It is less expressed by SC than NSC osteoblasts. Further, CX 43 is
decreased by compression in SC osteoblasts. This downregulation of CX
43 could be responsible for the decrease in mechanosensitivity of SC
osteoblasts. This ﬁnding offers a new perspective of research to explain
the role play by mechanical stimuli in OA pathogenesis.
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CONTINUOUS STRAIN STIMULUS FOR THE DEVELOPMENT OF
OSTEOARTHRITIS
P. Kumar1, P.A. Kelly2. 1BOP Clinical Sch., Tauranga, New Zealand; 2Univ. of
Auckland, Auckland, New Zealand
Purpose: The subchondral bone is a thin layer of specialized bone
covered by articular cartilage. It is widely believed that subchondral
stiffening is a primary event in osteoarthritis (OA). How and why
subchondral bone stiffens has hitherto been unclear. In this study is
followed the hypothesis that strain-levels above genetically determined
thresholds stimulate bone-growth. This is supported by a previous
study, in which it was shown that the presence of the osteochondral
junction itself signiﬁcantly ampliﬁes the strain in the subchondral bone,
by as much as 42 times, over the strains which arise when there is
no interfacial region present, i.e. when there are not two dissimilar
materials (cartilage / subchondral bone) present. One major issue with
this approach is Young’s hypothesis, which states that whenever the
stiffness of a material increases, the strain will decrease, given a constant
stress (following Hooke’s Law). Thus, as the bone stiffens, it is expected
that the strain will decrease (for a given load through the joint); thus
the strain stimulus dies off and the bone growth becomes a severely
self-limiting process, never reaching a stage where the signiﬁcant
subchondral stiffening of OA might occur. The purpose of the present
study is to address this issue.
Methods: Computerised tomography (CT) scans were taken of the
hip and knee joints (177–266 slices of 1.25mm). Voxel based image
analysis and visualisation software (Volume Graphics) was used for
image segmentation and extraction. Images were further edited and
reﬁned using Geomagic Studio 9 software, in order to produce regular
and consistent meshes. The data was imported into the ABAQUS 6.10-
EF1 Finite Element software. Distinct regions within the model were
assigned the material properties of cartilage, and cancellous, cortical
and subchondral bone. Physiological loading was applied. The stiffness
of the subchondral bone was increased in successive models and the
response was analysed. A number of idealised geometries were also
analysed.
Results: It was found that, as the subchondral bone stiffens, complex
changes take place in stress and strain in the vicinity of the osteochondral
junction. Whilst the vertical stress remains largely unchanged, the
components of stress tangential to the osteochondral junction increase
in magnitude, by up to 500%. Crucially, it is observed that the strains do
not reduce signiﬁcantly, even when the subchondral bone is stiffened by
2500%, close to its theoretically maximum possible value. Interestingly,
it was also shown that changes to the material properties of the cortical
and cancellous bone did not signiﬁcantly alter the trends observed.
Conclusions: When subchondral bone stiffens, the strain does not nearly
drop by an amount which would be required for relatively rapid stimulus
die-off. The study provides the evidence that the stimulus for bone
growth remains, even in stiffened subchondral bone, and that it is
a progressive stimulus. As the subchondral bone continually stiffens,
the stress in the overlying articular cartilage increases, in turn making
articular cartilage more vulnerable to degradation, and so leading to
OA.
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HISTOPATHOLOGY OF THE HUMAN ANTERIOR CRUCIATE LIGAMENT
IN AGING AND OSTEOARTHRITIS
A. Hasegawa1,2, S. Otsuki1,2, C. Pauli1,3, S. Miyaki1, S. Patil3, N. Steklov3,
M. Kinoshita2, J. Koziol1, D.D. D’Lima1,3, M.K. Lotz1. 1The Scripps Res. Inst.,
La Jolla, CA, USA; 2Dept. of Orthopedic Surgery, Osaka Med. Coll., Osaka,
Japan; 3Shiley Ctr. for Orthopaedic Res. & Ed. at Scripps Clinic, La Jolla, CA,
USA
Purpose: The development and patterns of spontaneous aging-related
changes in the anterior cruciate ligament (ACL) and their relationship to
articular cartilage degeneration are not well characterized. The aim of
this study was to investigate the types and temporal sequence of aging-
related ACL changes and establish the correlation with cartilage lesion
patterns at all stages of OA development in human knee joints without
prior joint trauma.
Methods: Human knee joints (n = 120; 65 donors; age 23–92) were
obtained at autopsy. Articular cartilage was graded macroscopically
using a modiﬁed Outerbridge scoring system and the ICRS knee
map. ACL was graded macroscopically and histologically. The following
parameters were analyzed: collagen ﬁber organization, cellularity and
cell arrangements, chondroid metaplasia, mucoid degeneration, cystic
changes and calciﬁcation. Inﬂammation surrounding the ACL was
assessed separately.
Results: Histological ACL substance scores and synovial sheath
inﬂammation scores increased with aging. Collagen ﬁber disorganization
was the earliest and most prevalent change. Cell density decreased with
donor age but in degenerated ACL cellularity increased. These cells were
not aligned with collagen ﬁbers and cell arrangements represented
islands with large numbers of cells interspersed within hypocellular
areas. The severity of mucoid degeneration and chondroid metaplasia in
the ACL increased with development of cartilage lesions. A correlation
between ACL and cartilage degeneration was observed, especially in
the medial compartment of the knee joint. In normal ACL, MMP-3
expression declined with aging. However, in ACL from knees with
cartilage degeneration, MMP-3 expression increased. In normal ACL,
some CD45 positive cells were present only in perivascular areas in
the ligament sheath. In ACL with inﬂammatory changes, CD45 positive
cells were also found between collagen ﬁbers, regardless of the presence
of cartilage degeneration. Calcium deposition in ACL is a rare and the
latest event in ACL degeneration.
Conclusions: ACL involvement is always observed in knees with cartilage
damage and ACL degeneration can precede the onset of cartilage lesions.
The pathogenic process involves a marked phenotypic shift in ligament
cells with an abnormal chondroid differentiation. We propose a temporal
sequence of histopathological changes. The earliest changes are collagen
ﬁber disorganization and mucoid degeneration. Inﬂammation, chondroid
metaplasia and cystic changes increase with the presence of cartilage
degradation. Calcium deposition is a late and rare event. Thus, cellular
changes within the ACL might contribute to aging-related onset and
progression of cartilage degradation and OA pathogenesis.
